The purpose of this study is to evaluate the relationship between urban infrastructure and flood disaster in Gombe metropolis, Nigeria. In this research work, the survey research design was used to obtain data from the field. Stratified sampling technique was adopted in determining the study sample which consisted of 250 households (i.e. 13% of the population, made up of 1,923 households). 250 questionnaires were administered on household heads in the study area; however, only 237 questionnaires were retrieved and used for analysis. Spearman's rank correlation and multiple linear regression analysis were used to examine the relationships between the criterion variable (flood disaster) and the predictor variables (urban infrastructure). The study showed that inadequacy of appropriate urban infrastructure is the major factor responsible for flood disaster in Gombe metropolis [R = 0.792, P = 0.000<0.01(2-tailed)]. It was recommended among others, that there should be improvement on the maintenance of available drainage infrastructure in the metropolis and the integration of solid waste management to prevent over flowing of flood as a result of blockage of drains. Government and all other stakeholders should expedite the provision of appropriate urban infrastructure in the metropolis.
Introduction
Urban infrastructure can be generally defined as the set of interconnected structural elements that provide framework supporting an entire structure of development, it consist of basic physical and organizational structures needed for the operation of a society or enterprise that provides services essential to enable, sustain, or enhance societal living conditions (Brooks, 2003; IPCC, 2007) . A number of research studies have been undertaken in the recent past on various aspects of infrastructure and its effects on development (Bond Gary, 1994; Chandavarkar, 1994; Kohli, 1994 Kohli, , 1995 Jha, 1995; GOI, 1996; Nayak, 1999) . Infrastructure is one of the indispensable elements in the process of urbanization and emergence/continuity of an urban growth. It is considered as motor/engine for economic development (Dagnachew, 2011) . In situations where urbanization is not matched with corresponding urban infrastructure, hazards such as flood disaster are often inevitable. Flood disaster by nature are complex events caused by a range of human vulnerabilities, inappropriate development planning and climate variability (Olorunfemi, 2008) . Generally, it is attributed to global warming, climate change, ocean swell/surge and torrential rains. Although flood hazards are natural phenomena, damage and lose from floods are mostly the consequences of urbanization without corresponding infrastructural restructuring (Brooks, 2003) . Normal floods are expected and generally welcomed in many parts of the world as they provide rich soil, water and a means of transport, but flooding at an unexpected scale and with excessive frequency causes damage to life, livelihoods and the environment (IPCC, 2007) . Hence, a solution to curbing this menace, will mean saving of millions of lives and properties. Over the past decades, the pattern of floods across all continents has been changing, becoming more frequent, intense and unpredictable for local communities, particularly as issues of development and poverty have led more people to live in areas vulnerable to flooding. The Fourth Assessment Report of the Intergovernmental Panel on Climate Change IPCC (2007) predicts that heavy precipitation events, which are very likely to increase in frequency, will augment flood risk.
infrastructure. Despite the efforts made by Government, Individuals, Non-governmental organizations and International donor agencies, the problem of flood is increasing rapidly in Gombe. The world Bank, in its effort to assist the state in mitigating flood disaster in the year 2000 embarked on the construction of drainages in GRA, Pantami, Madaki, Yelwan Bogo/BCGA, Sabon Layi and Herwagana. In 2005/2006 SARPLAST was awarded the contract for the construction of drainages in: FMC road/Federal Lowcost/Checheniya and Buba Shongo/Jekadafari/Kumbiya-kumbiya. Despite all the efforts stated above, the problem still persists.
The major purpose of this study is to identify the major cause(s) of flood disaster in the study area, through a critical analysis of the relationships of urban infrastructure and flood disaster in Gombe metropolis. Data for the study was obtained from questionnaire survey in the study area. The availability of such data provides a unique opportunity to relate the relationships between urban infrastructure and flood incidences in Gombe metropolis empirically. In this respect, the paper addresses the following questions: What are the factors responsible for flood disaster in the study area? What is the relationship between urban infrastructure and urban flood disaster in the study area? The answers to these questions are pivotal to identifying factors responsible for urban flood disaster in Gombe metropolis as well as provision of viable solution to the unpalatable menace of flood disaster in the study area particularly and other similar areas in Africa and beyond. The paper is divided into six sections: The introduction; review of related literature; study area; methodology; results/discussion and lastly findings/conclusion/recommendation.
Related Literature
Dagnachew (2011) in his research work titled "Road and urban storm water drainage network integration in Addis Ababa" asserted that urbanization along with its impermeable structures is the major cause of flooding in urban areas. Flood disaster is defined in terms of risk to humans and human society, and is seen as a product of the severity and probability of occurrence of flood hazard and the vulnerability of the population/system (Brooks, 2003) . McCluskey (2001) identified the following types of flood: predictable flooding, regular flooding; flash flooding; urban flooding and coastal flooding. Long term data on natural disasters suggest that floods and wind storms have been by far the most common causes of natural disaster worldwide over the past 100 years (Few et al., 2004) . According to the International Federation of Red Cross and Red Crescent Societies, in 10 years from 1993 to 2002 flood disasters affected more people across the globe (140 million per year on average) than all the other natural or technological disasters put together (IFRC, 2003) .
A review of climate change impacts on urbanization by the international institute of environment and development (Huq et al., 2007) found that floods are already having severe impacts on cities, smaller urban centers and rural areas in many African Nations. Examples cited included floods in Mozambique in 2000, heavy rains in East Africa in 2002 that brought floods and mudslides and forced tens of thousands to leave their homes in Rwanda, Kenya, Burundi, Tanzania and Uganda (Huq et al., 2007) . With an increasingly urbanizing world, flood disasters are reportedly increasing in urban areas and particularly negatively impacting on poor people and urban development in general (Alam et al., 2008) . The magnitude of disaster is not determined by floodwater alone but also by the pattern of vulnerability in which people live. The lives and livelihoods of many poor people are hardest hit by floods. Henderson (2004) and Satterthwaite et al. (2007) asserted that the level of risk and vulnerability in urban areas of developing countries is attributable to socio-economic stress, aging and inadequate physical infrastructure. Nigerian urban areas are typical examples of this high level of risk and vulnerability (Olorunfemi, 2008; Rasheed, 1982) . Many risk problems sit at the interface of the natural and social environment, such as flooding, which occurs as a result of the inadequate provision and maintenance of drainage systems, the location of people on marginal sites, and the physical characteristics of an area (Olorunfemi, 2008) . Sultana et al. (2007) asserted that structural measures like embankments can provide protection against many types of flooding. In South and South-east Asia, flood-proofing measures includes raising the plinths or foundations for homesteads, flood shelters and schools (DEC, 2000; Kent et al., 2004) . In Bangladesh, one measure that has proved effective is keeping space for livestock in flood shelters (DEC, 2000) . Infrastructure is vital for a country's economic development, it is also crucial in improving the quality of life for the poor and mitigation of disasters like urban flood (Straub, 2010; Li, 2010; Brooks, 2010) .
Study Area
The study area is Gombe metropolis, it is located on latitude 10°12′N and longitude 11°10′E. The LGA has an area of 52km 2 and a population of 266,844 persons according to 2006 population census (NPC, 2006) , today the population is projected to be 399,531 persons using 3.2% growth rate (National Population Commission Gombe State Office). Gombe state was created out of the then Bauchi state on 1 st October 1991 with its headquarters www.ccsenet.org/jsd Journal of Sustainable Development Vol. 5, No. 7; situated in Gombe. It share common borders with Borno, Yobe, Taraba, Adamawa and Bauchi states. Gombe has two distinct seasons, the dry season (November-March) and the rainy season (April-October) with an average annual rainfall of 132.2cm. A large part of the existing town is at the foot of the Akko escarpment and on a shallow dish-like site. However, there is a westward expansion of the town up-hill the escarpment. 
Methodology
In this study, the survey research design was used to collect data from the study area. The targeted population for this study consisted of 1,923 households in flood prone areas in Gombe metropolis. 13% of the population was used as sample size as this percentage gives a fair representation of the entire population. The stakeholders involved cut across civil servants, business men/women, and farmers. The sampled areas included: GRA, Pantami, Burundi, Checheniya, Federal lowcost, Jekadafari, Herwagana, Jankai and Tudun Wada. The stratified sampling technique was adopted for sampling. Two sources of data i.e. (primary and secondary) were used to collect data from the field. The primary data were sourced through personal observations, structured and unstructured interviews, as well as a structured questionnaire (250 questionnaires were administered on family heads in the study area; however, only 237 questionnaires were retrieved). Secondary data were sourced from documented materials. The study involves two variables i.e. the criterion variable (flood disaster) and the predictor variables (urban infrastructure). Simple statistical tools such as tabulation, percentages and charts were used in the analysis of the collated data. Spearman's rank correlation and multiple linear regression analysis were also carried out to determine the relationship between the criterion and predictor variables.
Results and Discussion
This section presents the results obtained from analysis of field data and discusses the result. From Table 1 above, inadequacy of drainage facilities is ranked the number one factor that is responsible for flood disaster in Gombe (48.1%), followed by refuse dumps (29.1%), and then lack of good layout plan (22.8%).
An improvement in the provision of drainages, refuse dumps and a good layout plan will help in the mitigation of flood disaster in Gombe. Vol. 5, No. 7; Figure 5 shows the present condition of drainage facilities in the metropolis. It is evident from the responses above that most of the drainages are in bad condition. Only few of them (14.3% in excellent condition and 9.3% in good condition) are satisfactorily functional and in good condition. However, 48.1% of the respondents indicated that there are no drainage infrastructures in their areas. In the fight against urban flooding in Gombe metropolis, it is imperative that the fight begins with the maintenance of the available drainage facilities in the metropolis, by means of making them functional and in good condition all the time, most especially during rainy seasons. Also Building on drainage channels (see Figure 9 ) should be seriously checked and discouraged. Most of the buildings (62.4%) in the study area are within the ranges of 1 and 10 meters from drainages. This is against the stipulated 25m to 50m set back as is contained in the Town Planning Laws. These could be one of the reasons why many residents are affected by flood disaster almost every year. Storm water that could have drained in nearby soil finds its way easily into people's buildings. From Figure 6 , 24% of the respondents indicated the availability of a layout plan in their areas while 76% of the respondents indicated that there are no layout plans in their areas. However, secondary data revealed that, there are instances where there are layout plans on paper but it has not been interpreted on the ground, most especially in areas like Federal Low-cost and Checheniya. This is, as a result of the fact that, government failed to pay compensation to the original owners of the land, in view of the above, land owners resort to selling their property indiscriminately without any good layout in place. In view of the culture and traditional practices in this part of the country where we have households within compounds, these types of plot sizes are grossly inadequate. By implication, developers are constrained not to leave any set back as provided in the Town Planning Laws. Hence, plots are usually developed fully without leaving any space that may allow infiltration of rainwater. Therefore, rain falls directly on either rooftops or hard surfaces that eventually flow out into the streets. The cumulative effect of these usually leads to water flowing on access roads and footpaths and depending on the intensity and the duration of the rain, flooding is in most cases inevitable. From Table 4 , only 9.7% and 32.1% of the available refuse dumps are in excellent and good conditions respectively. 29.1% of the respondents indicated that there are no provisions of refuse dumps in their areas. Due to gross inadequacy of refuse dumps in the metropolis, people resort to indiscriminate dumping of refuse on drainage channels (see Figure 8) . These blocks the drainages and in the event of rainfall, the water overflows the drainages resulting to flood and subsequently destruction of lives and properties. Source: Federal Ministry of Aviation, Meteorology Unit, Gombe.
Gombe is located within the Sub-Sudan climate zone. It is characterized by two distinct seasons: dry season (November to March) and wet season (April to October). The highest rainfall is recorded in August as shown in Table 5 above with a mean annual rainfall of 280.3cm. The lowest rainfall is recorded in November with a mean annual rainfall of 8.2cm. From the table above, it can be seen that the amount of rain fall in the study area is quite moderate (annual mean rainfall of 132.2cm). Indicating that flooding in the area is not necessarily the function of heavy downpour. Flood incidences have become a perennial problem in Gombe metropolis. Table 6 above showed that every year residents in Gombe metropolis experience flood during the wet seasons (as indicated by 61.2% of the respondents). Even though the average annual rainfall figure (132.2cm) is moderate, yet every year there is a record of flood incidence in the study area. This is a clear indication that, it is not high amount of rainfall that is responsible for flood disaster in Gombe; rather it is the direct result of negative influence of urbanization dynamics without corresponding urban infrastructure put in place (see Table 1 and Figures 8 and 9 ). The effects of flood disaster in Gombe metropolis is becoming more worrisome to residents living within the town. From Figure 10 above, 53% of the respondents indicated that they were affected by flood disasters financially, 23% and 10% were affected socially, and psychologically respectively. The incidences of flood disasters in Gombe had devastating impact on the residents not only financially, but also socially and psychologically. Agency (SEMA) reports that over 120 people were reported dead, while many houses were swept away completely and several others collapsed. As a result, several thousands of families were rendered homeless. Many shops were destroyed and roadside drainages were blocked by silt and sand. Some roads were rendered impassable as heavy deposits of sand covered everywhere. Vehicular traffic was disrupted for few days. Service lines such as PHCN poles, NITEL lines and Water pipes were badly affected. Source: Analysis of survey data, 2011.
The correlation coefficient between urban infrastructure and flood disaster in the study area is 0.792 indicating a strong positive correlation. This correlation is significant at the 0.01 level (2-tailed) of significance as indicated by a p value of 0.000. This implies that a significant improvement in the provision and maintenance of urban infrastructure in the metropolis will significantly mitigate the incidences of flood disasters in the study area. Vol. 5, No. 7; In 
Findings, Conclusion and Recommendation
The study revealed that contrary to the general assumption that heavy rainfall is the major cause of urban flooding (which mostly results into destruction of lives and properties), lack of adequate urban infrastructure such as: drainage facilities, refuse dumps and good layout plan are the major factors responsible for flood disaster in Gombe metropolis. The researchers conclude that placement of appropriate urban infrastructure in the metropolis will drastically mitigate flood disasters in Gombe. The study recommends improvement on the maintenance of the available drainage infrastructure in the metropolis and the integration of solid waste management to prevent over flowing of flood as a result of blockage of drains. Taking advantage of the sloppy nature of the topography in the metropolis, it was also recommended that starting from Tumfure area, along the Akko slope to Sabon-Layi of the Gombe catchment area, construction of large drainages could effectively reduce the surface run-off during a strong rainfall event. Government at all tiers should intervene by making available funds for appropriate urban infrastructures to be put in place. A paradigm shift of the behavioral pattern of the Gombe urban community (with respect to indiscriminate dumping of refuse, building on drainage channels and flood prone areas, building without leaving appropriate setbacks, poor maintenance culture, etc) is very crucial to the mitigation of flood disaster in the study area.
